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I__‘_ Schafer & Associates ‘

=i N~ (406) 587-3478 865 Technology Blud.
FAX (406) 587-0331 . P.0. BoX 6186

S .‘h f r . Bozeman, MT 59715

November 9, 1991

Mr. Pat Plantenberg
Department of State Lands
Hardrock Mining Bureau
1625 Eleventh Avenue
Helena, Montana 59620

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 3 summarizing the results
of the third round of water sampling at the W.R. Grace vermiculite mine near Libby. Data
for this report was collected July 2, 1992. Please forward one copy to Tom Reid at the
Water Quality Bureau.

We are late with this report because we have been trying to get the final design for
the tailings impoundment completed. However, there is very little new information in the
data. We continue to see the highest mass flows of asbestiform fibers originating below the
tailings dam in Lower Rainy Creek indicating that mine reclamation efforts will probably
have minimal impact toward reducing asbestos fiber counts. The fourth and final baseline
sample was collected last month and we should be getting resuits back on it soon.

W.R. Grace has committed to annual sampling for a period of three years (longer if
required) to assess post reclamation success. When Water Quality Data Report No. 4 is
released, we should determine which time of year would be most appropriate for the annual
sampling. I would also like to reevaluate whether all sites and parameters need to be
sampled and analyzed. Each sampling event has resulted in expenditures of about $6,000
just for analytical tests. We would like to reduce this level of expenditure and concentrate
on those sites and parameters which have the most significance.

If you have questions or comments please call.

Sincerely,
/;4%) /)
C
Tom Hudson
Project Manager

Environmental Solutions for water. Waste, and Land
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
The first sampling event took place in mid-November, 1991 and the second in late March,
1992. Results from these sampling events were reported in Water Quality Data Report No.1
and No. 2, respectively. This report presents the data from the third sampling event
performed on July 2, 1992.
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2.0 METHODS

Conditions at the time of sampling were generally cloudy and relatively cool for this
time of year with a high during the day of about 70° F. There were short periods of light
intermittent rain throughout most of the day. The Rainy Creek diversion was not in use; all
of Rainy Creek flowed in the natural drainage into the tailings pond. The tailing pond
surface water was significantly lower than on previous sampling trips and no water had
discharged from the decant tower since monitoring began.

Sampling methods were outlined in the Water Quality Monitoring Plan (Schafer and
Associates, 1991) submitted in September, 1991 and modified slightly in the field as
described in Water Quality Data Report No. 1 {(Schafer and Associates, 1992). Once again
Site SW-1, Upper Rainy Creek above the diversion dam, was not sampled because the entire
Upper Rainy Creek flow could be sampled more effectively at SW-11.

The preservation techniques and analytical methods used are summarized in Table
2.1. All samples were stored and shipped on ice. Metals were analyzed as the "total
recoverable" form according to procedures outlined in Standard Methods for Examination
of Water and Wastewater (APHA, 1985).



Table 2.1. Summary of sampling and analytical methods for water samples.

TDS EPA 160.1 TPH H,S50,/Glass EPA 418.1 Flow Pygmy current meter/ Baski
TSS EPA 160.2 Cu HNO,/PE EPA 220.1/200.7 || pH Field pH meter
Asbest. Fibers | EPA-600/4-83-043 || Zn HNO,/PE EPA 289.1/200.7 || EC Field EC meter
Hardness EPA 130.2 Cd HNO,/PE EPA 213.1/200.7 DO Field D.O. meter
Alkalinity EPA 310.1 Pb HN03/PE | EPA 239.2/200.7 || Temp. Field meter

NO; EPA 353.2 Hg HNO,/PE EPA 245.2

s0,” EPA 375.3 Fe HNO,/PE EPA 236.1/260.7

cr EPA 325.3 As HNO,/PE EPA 206.3

F EPA 340.2 Ni HNO,/PE EPA 249.1/200.7

Ca EPA 215.1/200.7 Cr ' HNO,/PE EPA 218.1/200.7

Mg EPA 242.1/200.7

Ni EPA 273.1/200.7

K EPA 258.1/200.7

CO,?/HCO; EPA 310.1

! EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in "Analytical Procedures

for Determination of Asbestos Fibers in Water* (EPA-600/4-83-043).
Samples were acidified to a value less than 2.0. The TPH sample was coilected in a 1 L glass bottle; metals were collected in 500 mi
polyethylene (PE) bottles.




3.0 PRESENTATION OF DATA

Results of the July 2, 1992 sampling are summarized in tabular form as follows:
e Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow.

e Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations.

e Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

e Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, are included in Appendix A and B, respectively.



Table 3.1. Field data summary.

SW-1 Upper Rainy Creek above diversion dam Not Sampled

SW-2 Fleetwood Creek above coarse tails 8.32 0.48 9.5 0.30'
SW-3 Upper Carney Creek at Zook's Dump 8.12 0.71 8.9 0.002
SW-4 Lower Carney Creek above Rainy Creek 8.45 0.54 9.8 0.112
SW-5 Tailings dam toe drains . _ 7.21 0.53 8.1 1.20'
SW-6 Tailings pond outfall (surface water sample, only) 8.34 0.17 13.9 0.00
SW-7 Lower Rainy Creek leaving mine property 7.97 0.54 11.6 1.30'
Sw-8 Lower Rainy Creek above Kootenai River 8.15 0.52 89 2.29'
SW-9 Kootenai River above Rainy Creek | Not Sampled*

SW-10 Kootenai River below Rainy Creek Not Sampled*

SW-11°8 Rainy Creek flow into tailings pond 8.24 0.39 6.8 0.24'
PW-1 Tailings Pond pore water Not Sampled

PW-2 Groundwater near SW-11 Not Sampled

Flow measurement was made with a Pygmy current meter.
Flow measurement was made with a Baski cutthroat flume.
Dissolved oxygen was not measured.
Samples of the Kootenai River were not taken as discussed in the Water Quality Monltonng Plan.
The original Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the
tailings impoundment,
Field pH probe failed. Measurements were made in the lab one day later.
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Table 3.2. Laboratory data summary for metals.

SW-1 Upper Rainy Creek Not Sampled
above diversion dam

SW-2 Fleetwood Creek <0.001 |<0.001 | <0.01 | <0.01 0.05 {<0.01 |<0.0001 | <0.03 0.04 7 85 16
above coarse tails

SW-3 Upper Carney Creek 0.001 }<0.001 | <0.01 | <0.01 0.81 [<0.01 |<0.0001 | <0.03 0.03 10 106 28
at Zook's Dump

SwW4 Lower Carney Creek <0.001 |<0.001 | <0.01 <0.01 0.04 |<0.01 |<0.0001 | <0.03 0.03 11 89 28
above Rainy Creek

Sw-5 Tailings dam toe 0.005 [<0.001 | <0.01 <0.01 0.04 |<0.01 }<0.0001 | <0.03 0.01 9 88 24
drains

SW-6 Tailings pond surface 0.002 {<0.001 | <0.01 <0.01 | <0.03 |«0.01 |<0.0001 | <0.03 | <0.01 4 16 6
water

SW-7 Lower Rainy Creek 0.002 |<0.001 | <0.01 <0.01 0.19 |<0.01 |<0.0001 | <0.03 0.03 9 77 24
leaving mine property

SW-0 Blind Control 0.002 |<0.001 | <0.01 <0..01 0.30 {<0.01 | <0.0001 | <0.03 0.03 10 78 24
(Replicate of SW-7)

Sw-8 Lower Rainy Creek 0.002 |<0.001 | <0.01 <0.01 0.42 [<0.01 | <0.0001 | <0.03 0.02 9 79 22
above Kootenai River

Sw-9 Kootenai River above Not Sampled

' Rainy Creek

SW-1u Kootenai River below Not Sampled
Rainy Creek

SW-11 Rainy Creek flow into 0.001 {<0.001 | <0.01 <0.01 | <0.03 |<0.01 |<0.0001 | <0.03 0.03 4 66 11
tailings pond

PW-1 Pore water from Not Sampled
tailings

PW-2 Groundwater near SW- Not Sampled
11 -




Table 3.3. Laboratory data summary for miscellaneous constituents.

SW-1 Upper Rainy Creek Not Sampled
above diversion dam

SwW-2 Fleetwood Creek 15 4 0 353 335 <1 279 289 | <0.05 | 0.22 |<O0.1
above coarse tails

SW-3 Upper Carney Creek 8 2 0 513 423 2 381 420 | <0.05 | 0.18 |<0.1
at Zook's Dump

SW-4 Lower Carney Creek 22 2 10 414 363 <1 335 356 0.29 | 0.18 |<O0.1
above Rainy Creek

SW-5 Tailings dam toe 9 5 0 408 349 <1 320 334 | <0.05 { 29 |<0.1
drains

SW-6 Tailings pond surface 7 2 0 80 90 14 65 65 | <0.05 | 0.33 |[<O0.1
water

SW-7 Lower Rainy Creek 13 8 0 365 308 2 290 299 | 0.07 |21 |<0.1
leaving mine property

SW-0 Blind Control 12 8 0 346 280 <1 292 283 0.08 | 21 |[<0O.1
(Replicate of SW-7)

Sw-8 Lower Rainy Creek 12 8 7 348 217 1 289 297 | <0.05 | 1.7 |<0.1
above Kootenai River

SwW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 Kootenai River below Not Sampled

' Rainy Creek

SW-11 Rainy Creek flow into 5 <1 0 275 211 <1 211 225 | <0.05 | 0.13 {<0.1
tailings pond

PW-1 Pore water from ‘Not Sampled
tailings

PW-2 Groundwater near Not Sampled
SW-11




Table 3.4. Laboratory data summary for asbestiform fibers.

SW-1 Upper Rainy Creek Not Sampled
above diversion dam

SW-2 | Fleetwood Creek 0.4 26.8 | 6.3 3.1 52
above coarse tails

SW-3 Upper Carney Creek 9.8 548 108 118 1600
at Zook’s Dump

SW-4 Lower Carney Creek 0.2 10.7 3.6 1.1 24
above Rainy Creek

SW-5 Tailings dam toe 0.1 0.14 0.14 0 0.7
drains

SW-6 Tailings pond surface 2.5 267.5 32.5 27.5 550
water

SW-7 Lower Rainy Creek 1.5 64.5 19.5 10.5 420
leaving mine property

SW-0 Blind Control 0.6 45.0 10.0 7.5 280
(Replicate of SW-7)

SwW-8 Lower Rainy Creek 45 270 22.5 18 340
above Kootenai River

SW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 | Kootenai River below Not Sampled
Rainy Creek

SW-11 Rainy Creek flow into 0.1 0.1 0.1 0 0.3
tailings pond

* MFL = Million fibers per liter



4.0 DATA ANALYSIS

The significant findings of this sampling event are as follows:

Streamflow was slightly less than in the spring. This is reflected in those sites subject
to surface runoff by somewhat higher levels of dissolved solids. There is some
indication that Fleetwood Creek may-have less seasonal variation than Rainy Creek
and Carney Creek.

Zinc concentrations, although above detection limits at most sites, were all uniformly
‘low. The November sampling had indicated potential areas of elevated zinc
concentrations but we have not been able to reproduce this result since.

Asbestiform fiber counts returned to the pattern measured in November, 1991 in
which most fibers appear to originate in lower Rainy Creek. The Carney Creek fiber
count is highly variable and is probably affected by runoff rates.

The tailings pond surface water sample once again showed substantially different
chemical properties than other samples. It has consistently had much lower dissolved
solids content. We have speculated on the possibility of dilution through surface
runoff or rainfall and on purification by freeze/thaw cycles. On this sampling round
there was evidence of chemical precipitation in the form of a white sediment on the
bottom of the pond in the area sampled. It appears that some mechanism other than
dilution is at work.

A mass flow schematic diagram for the sampling area is presented in Figure 4.1 for
selected parameters.

Table 4.1 compares measured water quality values to existing standards. These data
show the same trends which have been noted in earlier reports.
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Figure 4.1  Schematic flow diagram of the Rainy Creek dramage with mass flow

measurements for selected components.
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Table 4.1

A comparison of measured water quality data with drinking water standards.

As <0.001 to 0.005 0.05 SW-5

Cd <0.001 0.005' All

Cr <0.01 0.1 All

Cu <0.01 1.0 All

Fe <0.03 to 0.81 0.3 SW-3

Pb <0.01 0.05 All

Hg <0.0001 0.005 All

Ni <0.03 All

Zn <(0.01 to 0.04 5.0 SW-2
Asbestos (MFL) <0.110 118 7.0'2 SW-3
80,* 5t0 22 250. SW-4

cr <ito8 250. SW-7 and SW-8
NO; <0.05to 0.29 10.0 SW-4

F 0.13t0 2.9 20 SW-5

pH (su) 7.21 10 8.45 6.5t0 8.5 SW-5(min); SW-4(max)
TDS 90 to 423 500. SW-3

These standards were added or revised effective July 1992.

2 Fiber counts are based on fibers greater than 10 microns in length with an aspect ratio greater

than 3:1.
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APPENDIX A

ENERGY LABORATORIES DATA REPORTS




ENERGY

LABORATORIES

TO:
ADDRESS:

Tom Hudso

Schafer & Associates

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 591070916 * PHONE (406) 252-6325

FAX (406) 2526069 « 1-800-735-4489

LABORATORY REPORT

n LAB NO.:

DATE:

P.O. Box 6186
Bozeman, MT 59715

Constituent

Potassium
Sodium . .
Calcium . .
Magnesium
Culfate ..
Chloride .
Carbonate

Bicarbonate

WATER ANALYSIS

SW-0-1
Sampled 07/02/92
Submitted 07/07/92

..................................
L T T T T S
..................................
.................................
..................................
..................................
..................................

Total Dissolved Solids @ 180°C .. ... ..............

Total Suspended Solids

Total Hardness as CaCO3 . .. .. ..o i it ii i i i e enn s
Total Alkalinity as CaCO; . . .. ... oo it i i i i e e
Nitrate plus Nitrite as N . . . .. ... ... ...,

Fluoride . .
Total Acidit
Total Petrol

Mercury .
Nickel
Zinc

y as CaCO,
eum Hydrocarbons*

Total Recoverable Metals

..................................

* Analysis done by EPA method 418.1.

92-26055
07/27/92 crp

<0.0001
<0.03
0.03



ENERGY / ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e BILLINGS, MT 591070916 « PHONE (406) 252-6325
l“””‘raﬂlfs FAX (406) 2526069 « 1-800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26056
ADDRESS: Schafer & Associates DATE: 07/27/92 crp
P.0O. Box 6186 :
Bozeman, MT 59715

WATER ANALYSIS

SW-2-1
Sampled 07/02/92
Submitted 07/07/92

Constituent ma/l (ppm)
Potassium . . ... . e e e e e e e 7
Sodium . ... ... e e 5
Calcium . . o e e e e 35
Magnesium . ... .. e e . 16
Sulfate ............ e e e [ 15
Chloride ... ... . i et e e 4
Carbonate ...... ...ttt e 0
Bicarbonate . ........ ... e e 353
Total Dissolved Solids @ 180°C .. ................. 335
Total Suspended Solids .. ........ .. ... <1
Total Hardness as CaCO, . .. . . .. ... .., 279
Total Alkalinity as CaCO, . . .. o oo o o i e i 289
Nitrate pius Nitrite as N . . . . . ... . ... i e, <0.05
Fluoride . ... . it i e e e e 0.22
Total Acidity as CaCO; . ....... o v iiii i N/A
Total Petroleum Hydrocarbons™* ................... . <0.1

Total Recoverable Metals

Y 7= 2 Yo <0.001
CagdmilUm o . ot e e e e e e e e e <0.001
10 oo 20110 T o T <0.01
Lo o o - L <0.01
7o o Y 0.05
1= 1o <0.01
MEICUIY o vt e e e e e e e e e e <0.0001
Nickel . oo e e e e e <0.03
74 Yo 0.04

* Analysis done by EPA method 418.1.



ENERGYV

LABORATORIES

TO:
ADDRESS:

Tom Hudson
Schafer & Associates

ENERGY LABORATORIES, INC.
P.0. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 501070916 » PHONE (406) 2526325

FAX (406) 2526069 e 1-800-735-4489

LABORATORY REPORT

DATE:

P.O. Box 6186
Bozeman, MT 59715

Constituent

Potassium

Sodium ..
Calcium . .
Magnesium
Sulfate ..
Chloride .
Carbonate

Bicarbonate

WATER ANALYSIS

SW-3-1
Sampled 07/02/92
Submitted 07/07/92

..................................
..................................
..................................
.................................
e 8 4 s 8 a4 s s v & 8 e s a & = s e s 8 e B s s 2 oaoa s e s oa s
...................................
..................................

Total Dissolved Solids @ 180°C . ..................

Total Suspended Solids

Total Hardness as CaCO; . . . ... ..o v ittt i i i e
Total Alkalinity a5 CaC03 . .. oo vt i i i i i e e ..

Nitrate plus
Fluoride . .

Total Acidity as CaCO,
Total Petroleum- Hydrocarbons*

Nitrite as N . . . . . . it e e e e e e e e e e

Total Recoverable Metals

Arsenic ..
Cadmium .
Chromium

Nickel . ..

* Analysis done by EPA method 418.1.

LAB NO.:

92-26057
07/27/92 crp .

10

106
28

513
423

381
420
<0.05
0.18
N/A
<0.1

0.001
<0.001
<0.01
<0.01

0.81
<0.01
< 0.0001
<0.03

0.03



ENERBGY / ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 591070916 * PHONE (406) 2526325
llﬂﬂleﬂﬂl[S FAX (406) 2526063  1.800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26058
ADDRESS: Schafer & Associates DATE: 07/27/92 crp
P.O. Box 6186 :
Bozeman, MT 59715

WATER ANALYSIS

SW-4-1
Sampled 07/02/92
Submitted 07/07/92

Constituent maq/ m
POtasSIUM . . . . i e e e e e e i e e 11
SodiUMm . ... e e e e e e e e 9
Calcium . . . o e e e 89
Magnesium . ... .. ... . s e 28
Sulfate ............ e et e et e e e e 22

0] 111 T [ 2
Carbonate .. ... i i i it e s e e e 10
Bicarbonate ........ ... . .. i e, 414
Total Dissolved Solids @ 180°C . ... ...... .o v... 363
Total Suspended Solids . ................... e <1
Total Hardness as CaCO; . .. . ... . ... .. o .., 335 .
Total Alkalinity as CaCO; ....... e e e e 356
Nitrate plus Nitrite as N . . . . . ... ... . ... 0.29
Fluoride . .. .. .. i i et e e e e 0.18
Total Acidity as CaCO,; .. .. ... ... i, N/A
Total Petroleum Hydrocarbons®* ................... <0.1

Total Recoverable Metals

N Y- 1 <0.001
Cadmium . . o it e e e e e e e e e <0.001
0 0 {2111 o o X <0.01
100 o o -1 2O <0.01
7o o T 0.04
1 T [ <0.01
MEICUMY ettt et et ettt e e e e e <0.0001
3 1o =) <0.03
74 o T J 0.03

* Analysis done by EPA method 418.1.



ENERGY

ENERGY LABORATORIES, INC.

LABORATORIES
LABORATORY REPORT
TO: Tom Hudson
ADDRESS: Schafer & Associates

P.O. Box 6186
Bozeman, MT 59715

Constituent

Potassium
Sodium ..

-1 o310 2 T

Magnesium
Sulfate ..
Chioride

Carbonate

Bicarbonate

WATER ANALYSIS

SW-5-1
Sampled 07/02/92
Submitted 07/07/92

Total Dissolved Solids @ 180°C ... ................
Total Suspended Solids . ... ... ...,
Total Hardness as CaCO, . . . . .. o oottt
Total Alkalinity as CaCO3 . . . . v v v o v i it e e s
Nitrate plus Nitrite as N . . . . . .. .. . it

FlUuoride . . . . v i i e e e e e e e s e e e e e

Total Acidity as CaCO; . ...... .o i it e

Total Petroleum Hydrocarbons*

Total Recoverable Metals

......................................

* Analysis done by EPA method 418.1.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e« BILLINGS, MT 531070916 = PHONE (406) 252-6325
FAX (406) 2526069 ¢ 1-800-735-4489

92-26059
07/27/82 crp

0.005
<0.001
<0.01
<0.01

0.04
<0.01
<0.0001
<0.03

0.01



ENERGY

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 591070916 » PHONE (406) 252-6325
LABORATORIES FAX (406) 2526069  1-800-735-4489
LABORATORY REPORT
TO: Tom Hudson LAB NO.: 92-26060
ADDRESS: Schafer & Associates DATE: 07/27/192 crp

P.O. Box 6186
Bozeman, MT 59716

WATER ANALYSIS

SW-6-1
Sampled 07/02/92
Submitted 07/07/92

" Constituent ma/l m
Potassium .. ... .. . e e e 4
SOdiUM e e e e 4
Calcium . . ... e e 16
Magnesium . ... . e e e e e 6
SUfate . .. e e e e e 7
Chloride . ..... .. it e e i e e 2
07T o] -1 (- 0
Bicarbonate . ... ..t e e e e e 80
Total Dissolved Solids @ 180°C . . ................. 90
Total Suspended Solids . ............c. .. 14
Total Hardness as CaCO; . . . .. ... .. ... . .. ... 65
Total Alkalinity as CaCO; . . . . ... ... ... ... 65
Nitrate plus Nitrite as N . . . . . ... ... ... ... ...... <0.05
Fluoride . ..o i ittt it et st e e e e e e 0.33
Total Acidity as CaCO; . ... ... .ot N/A
Total Petroleum Hydrocarbons* .. ................. <0.1
Total Recoverable Metals
ATSBNIC . v ittt ittt e e e e e e 0.002
Cadmium . ..ttt e e e e e e <0.001
100 o'oY 111¥ T TP <0.01
o] o o 11 <0.01
o o T <0.03
Lead . ... e e e e <0.01
Mercury ... i e e <0.0001
1Y T <=1 <0.03
7] Yo <0.01

* Analysis done by EPA method 418.1.



ENERGY

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 « PHONE (406) 252-6325

LABORATORIES FAX (406) 2526069 » 1-800-735-4489
LABORATORY REPORT
TO: Tom Hudson LAB NO.: 92-26060 dup
ADDRESS: Schafer & Associates DATE: 07/27/92 crp

P.O. Box 6186
Bozeman, MT 59715

QUALITY ASSURANCE - DUPLICATE ANALYSIS

SW-6-1
Sampled 07/02/92
Submitted 07/07/92

Constituent mag/! {ppm)
Potassium . ... . e e e 4
Sodium..................l .................. 4
Calcium . . . e e e e e e e 16
Magnesium . ............. . ... e e 6
Sulfate .. ... e e e e e e e e 7
Chloride ... ... i it it i ettt e e 2
Carbonate ....... ..ttt e e 0
Bicarbonate .. ... . ... .0ttt 83
Total Dissolved Solids @ 180°C .. ....... ... 84
Total Suspended Solids .. ........ci ... 14
Total Hardness as CaCO, . .. .. ..o v v i i v e et 65
Total Alkalinity as CaCO, . ... ... ... ittt 68
Nitrate plus Nitrite as N . . . . . ... .. i ittt v innn <0.05
Fluoride . . . . . . . i i i i e e e e 0.32
Total Acidity as CaCO, ........ .. .. .. N/A
Total Petroleum Hydrocarbons* .. ................. N/A
Total Recoverable Metals

N 1T o 1ot 0.002
Cadmium . ... i e e e e e e <0.001
Chromium . . ... i et e e e e e e <0.01
100 o o -1 <0.01
o o <0.03
1T Vo <0.01
MerCUrY . o e e e e e e e <0.0001
Nickel .. . i i e e e <0.03
A T2 Vo2 <0.01

* Analysis done by EPA method 418.1.



FNERGY / ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e BILLINGS, MT 591070916 » PHONE (406) 252-6325
["””‘raﬂlfs FAX (406) 2526069 + 1-800-735-4489

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26061
ADDRESS: Schafer & Associates DATE: 07/27/92 crp
P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS

SW-7-1
Sampled 07/02/92
Submitted 07/07/92

Constituent maq/l m
Potassium ... ... e e e e 9
SodiUM . . e e e e 6
Calcium & . e e e e e e 77
Magnesium . ... i it e e e e e 24
Sulfate ... e e e e e e e 13
Chloride . ....... ¢t 8
Carbonate . ..... .ttt e e e e 0
Bicarbonate ......... ¢ e e 365
Total Dissolved Solids @ 180°C ... ................ 308
Total Suspended Solids . . ........... ..., 2
Total Hardness as CaCO; . . . . ... .o v i i it e i o n 290
Total Alkalinity as CaCO5 . . . . . ... .. ittt i e, 299
Nitrate plus Nitrite as N . . . . . . . ... ... . ... 0.07
FIUOME & ot ittt et e e e e e e e e 2.1
Total Acidity as CaCO; . ...... . it i it N/A
Total Petroleum Hydrocarbons* . .................. <0.1

Total Recoverable Metals

ArSBNIC v v i ittt i it et e e e e 0.002
(- To [0 11111 o 1 <0.001
8 o 1o 11117 2 TP <0.01
1Y o] o= <0.01

1 2 XN 0.19
1= L [ <0.01
MEICUIY v ittt et e et e e e <0.0001
Vo <= <0.03

74 o 0.03

* Analysis done by EPA method 418.1.



ENERGY

LABORATORIES

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e« BILLINGS, MT 591070916 = PHONE (406) 252-6325

LABORATORY REPORT

TO: Tom Hudson

ADDRESS: Schafer & Associates
P.0O. Box 6186
Bozeman, MT 59715

FAX (406) 2526069 « 1-800-735-4489

LAB NO.: 92-26061 spi
DATE: 07/27/92 crp

QUALITY ASSURANCE - SPIKED ANALYSIS

SW-7-1
Sampled 07/02/92
Submitted 07/07/92

Constituent

Potassium . . ...ttt e e
SodiUM . o e e
Calcium . .. . . o e
Magnesium ... ... .. . e e
Sulfate . . i e e e e e e
Chloride .......... . .. iy
Carbonate . ........ ...ttt
Bicarbonate . ....... ... i i e
Total Dissolved Solids @ 180°C ...........
Total Suspended Solids .. ........co.....
Total Hardness as CaCO, . . . ... .. oo oo v i ns
Total Alkalinity as CaCO; . . ..............
Nitrate plus Nitriteas N . . ... ............
Fluoride . . .. ..o ittt i it i e e s
Total Acidity as CaCO; . ................
Total Petroleum Hydrocarbons* ...........

Total Recoverable Metals

Mercury ... it e e e
Nickel . ..o v ittt e i e
ZiNG ot e e

* Analysis done by EPA method 418.1.

% Recovery

........ 103
........ 95
........ 96
........ 97
........ 99
........ 103
........ N/A
........ N/A
........ N/A
........ N/A
........ N/A
........ N/A
........ 96
........ 107
........ N/A
........ N/A

........ 106
........ 98
........ 94
........ 97
........ 95
........ 94
........ 105
........ 95
........ 93



P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 53107-0916 ¢ PHONE (406) 252-6325
ﬂﬂﬂleﬂﬂl[S FAX (406) 2526069 » 1-800-735-4489

| / ENERGY / ENERGY LABORATORIES, INC.
L

LABORATORY REPORT

TO: Tom Hudson LAB NO.: 92-26062
ADDRESS: Schafer & Associates DATE: 07/27/92 crp
P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS

SW-8-1
Sampled 07/02/92
Submitted 07/07/92

Constituent mg/l m
Potassium . . ... i e e e e 9

1T o Yo 11 o o 6

O o111 ¢ o 79
Magnesium . .. ... i e e e e 22
Sulfate ............ e e e e [P 12

O 1o T [ 8
Carbonate . ....... ... ..ttt 7
Bicarbonate . ...... ... . ... e 348
Total Dissolved Solids @ 180°C . ... . ....... ..., 217
Total Suspended Solids . . ... .. i i i 1
Total Hardness as CaCO; . . . ... ... .o vttt vt nn 289
Total Alkalinity as CaCO; . .. . . ... .. o it i i 297
Nitrate plus Nitrite as N . . . . . .. ... ... .. <0.05
Fluoride . . .. v it ittt e it e e e e e e e e e e e 1.7
Total Acidity as CaCO, . ...... ... ... N/A
Total Petroleum Hydrocarbons* . .................. <0.1

Total Recoverable Metals

Y -T2 0.002
Cadmium & . . e e e e e e e <0.001
4 2 1'o Y2 4 11¥ 1 2 TN <0.01
L0040 o - e <0.01

[ o PP 0.42
- Y- Lo 1 <0.01
MEIGUIY . .ttt et e e e e e e S <0.0001
N [To1 7<= <0.03
4 22 0.02




ENERGY

ENERGY LABORATORIES, INC.

LABORATORIES
LABORATORY REPORT
TO: Tom Hudson
ADDRESS: Schafer & Associates

P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS

SW-11-1
Sampled 07/02/92
Submitted 07/07/92

Constituent

Potassium . ... .. ... .. ... e e
Sodium ... e e e
Calcium . . . e
Magnesium . .. ... . .. e e
Sulfate ............ e e e e e e
Chioride .........c.0 i,
Carbonate .. ........0 i it

Total Suspended Solids . . ..o v vt i
Total Hardness as CaCO; . . .. .. ... ... L.
Total Alkalinity as CaCO; . . .. ...........v vt
.Nitrate plus Nitrite as N . . . .. .................
Fluoride . . . .. .. i e
Total Acidity as CaCO; .............c.cvvv...
Total Petroleum Hydrocarbons* . ...............

Total Recoverable Metals

Mercury ... e e e e
Nickel ... i e e e
ZiNC e e e e,

* Analysis done by EPA method 418.1.

P.O. BOX 30916 ¢ 1107 SOUTH BROADWAY e BILLINGS, MT 591070916 « PHONE (406) 2526325
FAX (406) 2526069 » 1-800-735-4489

92-26063
07/27/92 crp

275
211
<1
211
225
<0.05
0.13
N/A
<0.1

0.001
<0.001
<0.01
<0.01
<0.03
<0.01
<0.0001
<0.03

0.03



APPENDIX B

EMS LABORATORIES DATA REPORTS



DATE: July 24, 1992

CLIENT: SCHAFER & ASSOCIATES
P. 0. Box 6185
Bozeman, MT 59715
ATTENTION: Thomas Hudson
REFERENCE: Letter Dated July 6, 1992
REPORT NO: 25015
SUBJECT: QUANTITATIVE ASBESTOS ANALYSIS OF WATER SAMPLES BY

TRANSMISSION ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)

California Department of Health Services for

Asbestos by TEM (Certification No. 1119)
Nine surface water samples were submitted for quantitative TEM analysis of asbestos
structures. The samples came from the W. R. Grace mine near Libby, Montanta.

The sample were analyzed according to the US. EPA method (EPA-600/4-83-043).

The asbestiform which was present in the water samples was from the
tremolite/actinolite group of amphiboles.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. 2.5 um 25t0 49 pm S50to 99 pm >10 pm D.L. pm
SW-0-4 29.4 156 10.0 75 0.6
SW-2-4 159 10.9 6.3 3.1 0.4
SW-3-4 372 176 108 118 9.8
SW-4-4 5.2 55 36 11 0.2
SW-5-4 0 0.14 0.14 0 0.1
SW-6-4 165 102.5 325 27.5 2.5

IMNE EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Page 2

Schafer & Associates
Report No. 25015

SwW-7-4 42 225 195 10.5 15
SW-8-4 180 90 225 18 45
SwW-11-4 0.1 0 0.1 0 01

MFL - Millions of Fibers per Liter
D. L. - Detection Limit

The test reports are enclosed.
Respectfully submitted,

EMS LABORATORIES, INC.

ﬁ ﬁ(/ }‘2/1’_/(‘4 | Qg"?‘:‘ GfCGf.";,g—:?}ﬁ

[ “e3
B. M. Kolk & Alrborne Asbestos "
Laboratory Director % Asbesios Buik Sample .
. Analyses .
2 X
=) ’

o LIMS Leboratorizs, Inc. - 7
W LebCode: 1218 g
RN N

952

CHATY S

This report, from a NIST accredited laboratory through NVLAP, must not be used by the client to
claim product endorsement by NVLAP or any agency of the Government.

3008 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-0-4

Date 7/15/92

Total Asbestos Fibers 63 MFL
Chrysotile Fibers | "BOL MFL
Amphibole Fibers 63 MFL
> & Micron length (chrysotlile) *BDL MFL
> 5 Micron length (amphibole) 18 : MFL
Mass (Chrysotile) ‘BDL ng/L
Mass (amphibole) 280 pg/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 51 to 76 MFL
Detection Limit 0.6 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 6 12 16 13 53
Particle Width - Microns
O -.04 .05 - .09 g - .14 15 - 19 .2 - .24 .25 & UP
0 8 22 13 9 48

Aspect Ratio L/W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
36 34 14 4 3 9

S0CE EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysatile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAZD ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Soectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAED and Qualitative

Amphibole by Quant<tative EDXA
Amphibole by one Zone Axis SAED

Amphibole by random orientation SAED and Quantitative
EDXA .

éggzibo}e by one Zone Axis SAED pattern and Quantitative

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED satterns, consistent
Inter-sxial ancle and Quantitative EDXA
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Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-2-4

Date 7/15/92

Total Asbestos Fibers 36 MFL
Chrysotile Fibers ‘BDL MFL
Amphibole Fibers 36 MFL
> 5 Micron length (chrysctile) "BDL MFL
> 5 Micron length (amphibole) 9.4 MFL
Mass (Chrysotile) *BDL png/L
Mass (amphibole) 52 ng/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample _ - MORE

Poisson 95% Confidence Interval 29 to 45 MFL
Detection Limit 0.4 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 11 12 6 11 53
Particle Width - Microns
O - .04 .05 - .09 d1 - .14 .15 - .19 2 - .24 .25 & UP
0 3 11 20 10 49

. Aspect Ratio L/W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
42 26 12 2 i 4 7

/NG FRMS | ARMNMRATARIFS 117 West Rellevue Drive / Pasadena (CA 911057503 / R1IR_SAR.ANAS
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TABLE 3.

TABLE 4,

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficjently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern

Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

émphibole by random orientaticn 5AED and Qualitative
DXA ‘

Amphibole by Ou;n:‘tative EDXA

Amphibole by one Zone Axis SAED

ggohibOIe by random orientation SAED and Quantitative
A .

égpgibo!e by one Zone Axis SAED pattern and Quantitative
X

Amphibole by two Zone Axis SAED patterns with consistent
{nter-sxial angle

Amphibole by two Zone Axis SAED satterns, conmsistent
inter-sxial ancle and Quantitative EDXA

Non-Asbestos Mineral



e a |

Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SwW-3-4

Date 7/16/92

Total Asbestos Fibers 770 MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 770 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 220 MFL
Mass (Chrysotile) ] *BDL pg/L
Mass (amphibole) 1600 ng/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval ' 620 to 960 MFL
Detection Limit 9.8 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 6 13 12 5 43
Particle Width - Microns

O-.04 .05 - .08 .1 - .14 A5 - .19 2 - .24 .25 & UP

0 6 14 17 6 36
Aspect Ratio L/W

0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

29 21 14 3 4 8

/X8 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 3.
™ -
™ -
co -
Q .
e -
¢0Q -
NAM .

TABLE 4.
UF -
AD -
A, -
ADX -
AQ -
AZ -
ADQ -
AZQ .
AZ1 .
AZZQ -

NAM -

CLASSIFICATION OF FIBERS WITH TUBULAR MQRPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morpholoagy

Chrysotile SAED pattern
Chrysatile composition by Quantitative EDXA

Chrysotile Morphology and compositicn by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA :

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLQOGY

Unidentified Fiber

Amphibole by random orientation SAZD ’shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elementa!
components consistent with amphibole

Amphibole by random orientaticn SAZD and Qualitative
EDXA

Anphibole by Quant<tative EDXA
Amphibole by one Zone Axis SAED

Amphibole by random orientation SAED and Quantitative
EDXA

égp:ibole hy one Zone Axis SAED pattern and Quantitative
X

Amphibole by two Zone Axis SAED patterns witn consistant
fnter-axial angle

Amphibole by two Zone Axis SAED zatterns, consistent
inter-axial ancle anc Quantitative EDXA

Non-Aspestas Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Samplie No. SW-4-4

Date 7/15/92 -

Total Asbestos Fibers 16 - MFL
Chrysotile Fibers 0.2 MFL
Amphibole Fibers 15 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 4.7 MFL
Mass (Chrysotile) 0.001 pg/L
Mass (amphibole) 24 png/L
More/Less than 5 Chrysotile

Fibers in Sample ' LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 12 to 2C MFL
Detection Limit 0.2 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns :
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 3 8 4 8 47
Particle Width - Microns
O-.04 .05 - .09 g - .14 .15 - .19 2 - .24 .25 & UP
0 5 6 12 10 37
Aspect Ratio L/W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP
24 23 14 6 - 1 2

3/AC EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 4.

TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiter

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components coasistent with amphibole

émphibole by random orientaticn SAZD and Qualitative
DXA

Anphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

égphibo]e by random orientation SAED and Quantitative
XA

égph1bole ny one lone Axis SAED pattern and Quantitative
XA :

Amphibole by two Zone Axis SAED patterns with consistent
fnter-axial angle

Amphibole by two Zone Axis SAEZD zatterns, consistent
inter-sxial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy

(EPA-600/4-83-043)

EMS No. 25015 Client
Sample No. SW-5-4

Date 7/14/92 -

Total Asbestos Fibers

0.3

SCHAFER & ASSOC.

Chrysotile Fibers

‘BDL

Amphibole Fibers

0.3

> 5 Micron length (chrysotile)

*BDL

> 5 Micron length (amphibole)

0.1

Mass (Chrysotile)

*BDL

Mass (amphibole)

0.7

More/Less than 5 Chrysotile
Fibers in Sample

LESS

More/Less than 5 Amphibole

LESS

Fibers in Sample

Poisson 95% Confldence Interval

0.03

to 1

Detection Limit

0.1

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

MFL

MFL
MFL

MFL
MFL

ng/L
ng/L

MFL

MFL

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 0 0 0 0 2
Particle Width - Microns
O -.04 .05 - .09 A - .14 .15 - .19 2 -.24 .25 & UP
0 0 0 0 0 2
Aspect Ratio L/W
0 -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
1 0 1 0 0 0 -

30O EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysctile Mcrphology 2nd ccmpositicn by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has eleﬁehta]
components consistent with amohibole

Amphibole by random orientaticn SAZD and Qualitative
E0XA

Amphibole by Quanttative EDXA
Amphibole by one Zone Axis SAED

égohibo1e by random orientation SAED and Quantitative
XA

émphibole by one Zone Axis SAED pattern and Quantitative
DXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED zatterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-6-4

Date 7/17/92

Total Asbestos Fibers 330 MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 330 MFL
> 5 Micron length {chrysotile) *BDL MFL
> 5 Micron length (amphibole) 59 MFL
Mass (Chrysotile) "BDL pg/L
Mass (amphibole) 550 na/’L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 270 to 380 MFL
Detection Limit 2.5 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 14 18 10 24 66
Particle Width - Microns

O -.04 05 - .09 g - .14 .15 - .19 2 - .24 .25 & UP

0 7 20 26 14 65
Aspect Ratio L/W

0 -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP

49 47 21 9 . 2 4

300 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 3.

TABLE 4,

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Horphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAZD ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative SDXA. Soectrum has elementa!
components consistent with amphibole

émph!bole by random orientaticn SAED and Qualitative
DXA

Amchibole by Quentitative EDXA
Amphibole by one Zone Axis SAED

égghibo1e by random orientation SAED and Quantitative
A

égphibo!e by one Zone Axis SAED pattern and Quantitative
XA

Amphibole by two Zone Axis SAED patterns with consistent
fnter-axial angle

Amphibole by two Zone Axis SAED osatterns, consistent
inter-saxial angle and Quantitative EDXA

Non-Aspestos Mineral
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"Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-7-4

Date 7/16/92

Total Asbestos Fibers 94 MFL
Chrysotile Fibers “BDL MFL
Amphibole Fibers 94 MFL
> 5 Micron length {chrysotile) *BDL MFL
> 5 Micron length (amphibole) 30 MFL
Mass (Chrysotile) ‘BDL pug/L
Mass (amphibole) 420 ng/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 72 to 120 MFL
Detection Limit 1.5 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns :
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 5 12 5 6 35
Particle Width - Microns :
O - .04 .05 - .09 Jd - .14 15 - .19 2 - .24 .25 & UP
0 4 12 4 9 34
Aspect Ratio L/'W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
24 20 14 1 1 3

3O EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 4,

CLASSIFICATION OF FIBERS WITH TUBULAR MQRPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SAED pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAZD ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Soectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SACD and Qualitative
DXA

Anphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

Amphibole by random orientation SAED and Quantitative
EDXA .

égpzibo!e hy one Zone Axis SAED pattern and Quantitative
X

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAEZD 2atterns, consistent
inter-sxial angle and Quanticative EDXA

Non-Asbestas Mineral




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-8-4

Date 7/17/92

Total Asbestos Fibers 310 MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 310 MFL
> 5 Micron length (chrysotile) ‘BDL MFL
> 5 Micron length (amphibole) 45 MFL
Mass (Chrysotile) *BDL pg/lL
Mass (amphibole) 340 pg/l
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 85% Confidence Interval 240 to 390 MFL
Detection Limit 4.5 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 4 12 11 13 29
Particle Width - Microns

O -.04 .05 - .09 g1 - .14 .15 - .19 2 - .24 .25 & UP

0 1 12 16 8 32
Aspect Ratio L/'W

0O - 99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

31 27 6 2 1 2

300 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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3.

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not 5ufficjently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative E0XA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ’shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAED and Qualitative
EDXA

Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

Amphibole by random orientation SAED and Quantitative
EDXA

émph1b01e hy one Zone Axis SAED pattern and Quantitative
DXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-4xial angle

Amphibole by two Zone Axis SAED zatterns, consistent
inter-exial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Client SCHAFER & ASSOC.

Sample No. SW-11-4

Date 7/17/92

Total Asbestos Fibers 0.2 MFL
Chrysotile Fibers ‘BDL MFL
Amphibole Fibers : 0.2 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 0.1 MFL
Mass (Chrysotile) ‘BDL pg/L
Mass (amphibole) 0.3 pg/L
More/Less than 5 Chrysotile

Fibers in Sample . LESS

More/Less than 5 Amphibole

Fibers in Sample _ . LESS

Poisson 95% Confidence Interval 0.02 to 0.8 MFL
Detection Limit 0.1 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)'

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 0 0 1 0 1
Particle Width - Microns
O - .04 .05 - .09 g1 - .14 .15 - .19 2 -.24 .25 & UP
0 0 0 0 0 2

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
1 1 0 0 - 0 0

3700 FRAS | ARMRATMNRIFS 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE 3.

TABLE 4.

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysoti1e SAED pattert and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED !shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAED and Qualitative
EDXA .

Amphibole by Quantitative EDXA
Anphibole by one Zone Axis. SAED

égphiboIe by random orientation SAED and Quantitative
XA i

égpgibole hy one lone Axis SAED pattern and Quantitative
X

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED zatterns, consistent
inter-exial angle anc Quantitative EDXA

Non-Asbestas Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Date Analyzed 7/13/92

Client SCHAFER & ASSOC.

Sample No. EMS BLANK

Fibers (chrysotile) ND MFL
> & Micron length (chrysotile) ND MFL
Mass (chrysotile) 0 ug/L
More/Less than 5 Fibers
in Sample (chrysotile) LESS

0.03 ' MFL

Sensitivity Level

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

Q -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 0 0 0 0 0

Particle Width - Microns

O - .04 .05 - .09 d - .14 15 - .19 2 - .24 .25 & UP

0 0 0 0] 0 0

Aspect Ratio L/W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

0 0 0 0 0 0

30O EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 25015 Date Analyzed 7/12/92
Ciient SCHAFER & ASSOC.

Sample No. EMS BLANK

Fibers (chrysotile) ND MFL
> 5 Micron length (chrysotile) "ND - MFL
Mass (chrysotile) 0 ug/L
More/Less than 5 Fibers

in Sample (chrysotile) LESS

Sensitivity Level | 0.03 MFL

Particle Size Distribution ( Chrysotile )

Particle Length - Microns
D -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 0 0 0 0 0

Particle Width - Microns

O - .04 .05 - .09 1 - .14 15 - 19 2 - .24 .25 & UP

Y 0 0 0 0 0

Aspect Ratio L/W
0D -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

0 0 0 0 0 0
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